Abstract
cation-chloride cotransporter family, the members of which are the key players in ion 133 regulation by the branchial ionocytes. NKCC1 from the rectal gland of spiny dogfish (Squalus acanthias) (178) . The fish 144 genes were subsequently used to "fish out" mammalian counterpart genes, and currently 145 the mammalian solute carrier (SLC) 12 family consists of SLC12A1 (NKCC2),
146
SLC12A2 (NKCC1), SLC12A3 (NCC), SLC12A4-7 (KCCs) and SLC12A8-9 (orphan 147 transporters) (5). However, little information has yet been available on this family in 148 fishes despite the pioneering study.
149
To detect NKCC1 in various teleost species, a mouse monoclonal antibody, named T4, 
162
In a phylogenetic tree of fish and human cation-chloride cotransporters ( NCC is restricted to renal tissues in mammals and teleosts, but the fish-specific NCC is 170 expressed in extrarenal tissues such as the gills and intestine (23, 77, 160, 173) .
171
Therefore, we suggest to use the term "NCC1" and "NCC2" for conventional NCC and Table 1 ).
189
The type-IV ionocyte is defined by basolateral NKA, basolateral NKCC1a and apical
190
CFTR, a typical pattern of NaCl secretory ionocytes in SW teleosts (35, 100, 102 both of which are candidates for fast-acting, SW-adapting hormones (Fig. 4) .
299
Growth hormone (GH) GH, a member of the same hormone family as prolactin 300 (PRL), has a role in teleost osmoregulation (Fig. 4) a strong stimulatory effect on cortisol section from the eel interrenal (Fig. 4) decreased NaCl in the body in all animals thus far examined from fishes to mammals, 380 the essential action of ANP is on NaCl extrusion but not water (156, 159) .
381
The renin-angiotensin system (RAS) The renin-angiotensin cascade is initiated and II concentration in eels (164) .
390
In teleost fishes, plasma Ang II also increases in response to hypovolemia (88). determine whether the RAS is important for SW or FW acclimation.
402
The dipsogenic effect of Ang II has been examined extensively in various teleost 403 species (89), although the effect was generally much weaker than in mammals (155).
404
These studies show that potency and efficacy of the Ang II effect differ profoundly in SW adaptation but also in FW adaptation (Fig. 4) . In salmonids, eels, killifish and Collectively, the cortisol-GR system appears to have substantial physiological 438 impacts on adaptation to both hypo-and hyperosmotic environments (Fig. 4) of endocrine control of osmoregulation will be focused on how the hormones interact at 519 different tissues involved in ion and water transport (Fig. 4) . 
548
It is interesting to note that VT inhibited drinking, but isotocin (IT) was strongly What is the cause of such diversity?
561
In this section, we first itemize the major differences in molecular physiology of gill Nile tilapia NKCC1b
Mozambique tilapia NKCC1b
Zebrafish NKCC1b
Eel NKCC1b
Eel NKCC1a
Fugu NKCC1a
Nile tilapia NKCC1a
Mozambique tilapia NKCC1a
Zebrafish NKCC1a
Spotted Nile tilapia NKCC1b
Spotted gar NKCC1 
